The high-molecular-weight carbohydrate substances extracted in the aqueous and phenol phases by phenol-water extraction of Anabaena flos-aquae A-37 were found to be polysaccharides without lipid attached.
Three species of blue-green algae have been found to produce a macromolecular substance that could be extracted by the hot phenol-water method of Wastphal and Jann (11) . The polymers extracted from blue-green algae possessed certain similarities to the lipopolysaccharide (LPS) of gram-negative bacteria (2, 9, 10), but significant differences in the chemical composition also exist. In this study, high-molecularweight carbohydrate materials were extracted from Anabaena flos-aquae A-37. Chemical analysis showed the materials extracted in both aqueous and phenol phases are exclusively polysaccharides without lipid attached.
A. flos-aquae A-37 was grown in Kratz and Myer D medium with 0.5% fructose under the conditions described previously (8) . Cells were harvested and extracted by the method of Westphal and Jann (11) . The aqueous, phenol, and phenol-water interface phases were separated and dialyzed separately against several changes of distilled water. The material in both aqueous and phenol phases was purified by centrifugation at 10,500 x g for 4 h. Sedimentation was obtained only from the aqueous phase. The yield of total extractable material was 4.7% of the dry cell mass. Table 1 shows the distribution of extracted material among the three phases. Over 75% of the total material extracted was found in the aqueous phase, accounting for 3.7% of the weight of the dry cell mass. Gross chemical analyses for carbohydrate, protein, and phosphorus are shown in Table 2 .
Detections of 2-keto-3-deoxy-octonic acid (KDO) and heptose were carried out according to the method of Heath and Ghalamber (6) and the method of Dische (4), respectively. Neither KDO nor heptose was found in either aqueous or phenol-phase materials. Treatment of the materials from both phases with mild acid (1% acetic acid at 100°C for 60 min) failed to produce any visible precipitation. Similar observation has been reported by Weckesser et al. in their work with Anabaena variabilis (9). They suggested the possibility that a stronger chemical bond might be present in the material extracted in the phenol phase linking the lipid portion to the polysaccharide moiety. The complex could be separated only upon stronger acid hydrolysis.
A 10-mg portion of the lyophilized material from the aqueous and from the phenol phases was hydrolyzed with 6 N H2SO4 at 100°C for 6 h and methanolyzed according to the method of Weckesser et al. (9) . The methanolyzed products were extracted with hexane, and the chromatography of fatty acid in the organic phase was performed on a Hewlett-Packard 7610 A gas chromatograph equipped with a flame-ionization detector and a Chromasorb WAW col- line-phthalic acid reagent. Figure 1 shows the paper chromatogram of the hydrolyzed materials. Glucose was the major monomer component of the aqueous phase material, whereas in the phenol phase, mannose was the major sugar in addition to glucose as a minor component. The molar ratio of mannose to glucose was 5:1. Two barely detectable spots were also found. One, from aqueous phase, co-chromatographed with a-mannose standard, and the other, from phenol phase, co-chromatographed with D-galactose standard. The amounts of both sugars were too small to be recovered by quantitative paper chromatography. The identity of each sugar was confirmed by gas-liquid chromatography according to the method of Davis et al. (3) . The O-trimethylsilyl derivatives from the methanolyzed products were separated and identified on a Beckman GC-45 gas chromatograph equipped with a flame-ionization detector. The column temperature (SE-30, 6 feet [ca.
1.82 ml, glass) was 1550C, and.the flow rate was 30 ml of He per min.
The assumption that LPS is present in the blue-green algae is based on the structural similarity of their cell walls and the extraction property to bacterial LPS. Chemical evidence of LPS is thus far limited to a few species of bluegreen algae. Even among those species thus far studied, the chemical composition of the material varies. The lipid-carbohydrate complex extracted by the phenol-water method from Anacystis nidulans and Agmenellum quadruplicatum resembles bacterial LPS in physical appearance and biological activity. On the other hand, there are also marked differences in chemical composition. Although the phenol-water extracted materials from the three species of blue-green algae so far reported contain polysaccharide-lipid complex, the occurrence of such material among blue-green algae cannot be generalized at the present time.
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